The adsorption and decomposition of C,H, on the (2x1) Pt(11o) surface was examined by TPD and EELS. The C,H, adsorbs molecularly to yield a mixture of di-o and r-bound C, H, . On heating some of the adsorbed C,H, desorbs, some reacts to form ethane and some decomposes to yield a mixture of ethylidyne, ethan-I-yl-2-ylidyne and H, . Other changes occur upon further heating. This is a different chemistry to that on the closed packed faces of Pt, and other Pt faces. Thus the intermediates which form when C,H, adsorbs on Pt depend strongly on the surface structure and are not simply a combination of the chemistry Seen on the closed packed faces of this metal. P b . , 1990, 61, (11, 410-413 The characteristics of sputtered CoNiPt films for high-density longitudinal recording media have been studied by Brillouin scattering. The spin-wave spectra are broadened to a width of 13 GHz, which is much larger than the 3 GHz of a vapour deposited fdm. TEM shows the sputtered film consists of separated Co crystallites of diameter 50-100di. Spin wave damping in the sputtered film is caused by the film structure. The film is elastically homogeneous.
Adsorption Kinetics of CO on Pd(100)-S Surface
The effect of S adatoms on Pd( I 00) surface is stronger than that on Ni surface. Phys., 1989, 28, (91, [1596] [1597] [1598] [1599] Magnetic properties of CoPd alloy films prepared by rf magnetron sputtering have been studied as a function of the Pd content. CoPd films showed extraordinarily large magnetostriction constants of the order of I O~ in a Pd-rich composition. The strong perpendicular magnetic anisotropy is related to the magnetostrictive effect. The CoPd films with perpendicular anisotropy can be used as perpendicular magnetic recording media. Furthermore, thin CoPd films of <IWA have high Kerr rotation and perfect squareness of Kerr loop suitable for magneto-optics. The microscopic properties of CoPd multilayers have been studied by ferromagnetic and nuclear magnetic resonance. The anisotropy of the layer was found to decrease for decreasing Co sublayer thickness and a switching of the magnetic preferential direction occurred below 88L. The anisotropy was also found to be a function of Pd layer thickness:
Magneto-Optical Properties of

Microscopic Properties of Co/Pd Multilayers Studied by Ferromagnetic and Nuclear Magnetic Resonance
below 208L it increased with decreasing thicknessattributed to a decrease in the Pd/Co interface contribution to the anisotropy. Hyperfine field spectra showed that layers with [IIII texture are mainly polycrystalline f.c.c. and that the Co "lattice" is stretched due to neighbouring Pd atoms when Co sublayer thickness is decreased. Comparison with studies of almost single phased I1001 f.c.c. CoPd multilayers suggests that the expansion of the Co "lattice" is nearly isotropic.
AES Characterization of the Oxides
Formed on the Fe-40Cr-Pd and PdImplanted Fe-40Cr Alloys at 5OOOC
1989, 40, (1/2), 1-7
Auger electron spectroscopic (AES) studies of the oxide films formed on Fe-4oCr-Pd alloys that have been oxidised in air at 500OC, showed that they consist of a very thin Fe oxide at the oxidelgas interface, intermediate Cr-rich oxide and innermost PdO layer next to the substrate alloys. Addition of 0.92 wt.% of Pd to the Fe-4oG alloy was found to be very effective at promoting the formation of a thinner oxide film. High doses of Pd implantation ( 1 0 '~ ions/cm') improved the oxidation resistance of the Fe-4oG alloy by the formation of a thinner oxide scale. 
Reduction and Cluster Growth
, 845-853 The effect of a second transition metal on the reducibility and agglomeration behaviour of Pd in zeolite Y was studied by EXAFS spectroscopy. Zeolite Y was co-exchanged with Fez+ or Co'+ and Pdz+ and with each ion alone. Dehydration in 0, and reduction with H, was performed at different temperatures up to 623K. Pd is partially reduced to Pdo at mom temperature and forms small metal clusters at higher temperatures. Only a small increase in the reducibility of Pd is observed if Fe is present in zeolite while co-exchange with Co results in a much higher dispersion of the Pd(o) phase after high temperature reduction. Diffusion of Pd ions into zeolite containing aqueous Fe(I1) ions resulted in formation of a Pd(o) phase of larger crystallites at room temperature by a redox reaction with Fe(I1). The interaction of NO with stepped surfaces of a Rh field emitter has been studied by pulsed field desorption (PFD) mass spectrometry. At 300<T<550 K and pressure <1.3 x 10-' Pa, PFD mass spectra of the adsorbed layer were always dominated by NO+, Rh,N"+ and Rho"+ ions (n,x=1,2). It is concluded that part of the adsorbed NO undergoes dissociation with subsequent deposition of 0 and N atoms on the surface. At low coverages ( K O . I monolayer) NO adsorption was found to be predominantly molecular.
Using a probe-hole technique the equilibrium between NO adsorption and thermal desorption was monitored. The temperature dependence of mean lifetimes before thermal desorption was measured and activation energy evaluated.
Morphology and Charge Capacity of Sputtered Iridium Oxide Films
Sci. Technol. A., 1989, 7, (5), 3043-3047 Iridium oxide films deposited on stimulation wires by rf-sputtering show markedly different surface morphologies and charge capacities in response to variations in deposition conditions. The morphology of sputtered Ir oxide films (SIROFs) on composite wire specimens consisted of well-defined closely packed ellipsoidal platelets with various degrees of alignment, which is not observed in SIROF-coated substrates having planar surfaces. The film appearance and electrochemical properties were found to be strongly dependent on the H , O O , ratio in the sputter gas. Increasing H,O:O, from o to 0.22 resulted in a marked rotation of the direction of net alignment of the SIROF platelets and reduced anodic and cathodic charge capacities. The anodic charge capacities were remarkably linear with respect to the logarithm of the cyclic voltammetry sweep rate.
Solubility of Ruthenium Dioxide in Lead Borosilicate Glasses
Am. Ceram. SOC., 1989, 7 2 , (9), 1755-1756 The solubility of RuO, in a Pb borosilicate glass and the effect of 2%, 4%, 6% and 10% AI,O, dissolved in the glass have been studied at 7w-10w0C. The solubility showed an exponential dependence on temperature. The dissolved alumina decreased the solubility at any given temperature, however, the solubility was essentially the same in all of the AI,O, -containing glasses. The Kelvin equation was used to deduce the concentration of RuO, in glass as a function of the curvature of the RuO, particles, and the dependence was found to be quite small. The implications of the results in processing thick film resistors using RuO, as the conductive phase and these glasses as insulating phases on an alumina substrate are discussed. 
517-521
Chemically modified electrodes, which were prepared by anodising glassy C electrodes in a Ru-CI,/K,Ru(CN), solution are shown to enable the kinetically hindered oxidation of hydrazine compounds to proceed at significantly lower potentials than at the bare C surface. The mixed-valent Ru cyanide film offers improved stability and a broader operational pH range compared to previously described phthalocyanine-catalytic surfaces. The modified surfaces maintain long-term catalytic activity and are highly suitable for electrochemical detection of industrially and environmentally important hydrazine compounds in acidic and neutral solutions. Highly stable and sensitive flow injection measurements (with a relative standard deviation of 1.4% (n=3o) and a detection limit of 0.13 ng) are reported. Furthermore, a composite film with polyaniline offers additional advantages.
The Passivation of Fe-Cr-Ru Alloys in Acidic Solutions
Corns. Sci., 1989, 29, (11/12), 1293-1318 Electrochemical and surface analytical techniques have been used to study the spontaneous passivation of Fe-4oCr-Ru alloys in 0.5 M H,SO, and HCI. Passivation is achieved more readily in alloys with 0.2 w/o Ru than with 0.1 w/o Ru, and is more rapid in 0.5 M H,SO, than 0.5 M HCI. Ru causes a positive shift in corrosion potential by the simultaneous catalysis of H, evolution and the inhibition of the anodic dissolution of Fe-4oCr. The enrichment and redistribution of Ru by a surface diffusion process occurs during this period of selective dissolution. The rate of this surface diffusion is an important factor in determining the geometry of the Ru distribution, and its efficiency in promoting spontaneous passivation. The quantum yield of H, photwvolution from a suspension of Pt/TiO, was >IW% in dialcoholic solutions, indicating that a current doubling effect is operative in semiconductor photocatalysis. Although anatase has 0. rev more negative conduction band than rutile, they gave similar yield in alcoholic and EDTA solutions. Anatase showed higher photoactivity in the other electron-donor solutions. This result is discussed in relation to the results of IR spectroscopy and photoluminescence experiments. It is concluded that a direct, irreversible reaction of holes with adsorbed alcohol makes R/TiO, particle potential so negative that electrons are inevitably used for hydrogen evolution. The selectivity of the photodeposition of Pt in the case of two biphasic supports (TiO, and SiO, mechanical mixture and SO,-supported TiO,) containing only one photosensitive constituent (TiO,), has been studied. For both kinds of support, the photodeposition of Pt corresponding to I wt.% Pt was complete, and exclusively on the TiO, constituent of the biphasic supports. This method of metal deposition could be used to decorate a multicomponent support with a noble metal, the metal being exclusively deposited on the photo sensitive parts or constituents. The method has possible application in the preparation of a metal catalyst on a highly divided supported support. Measurements of photocurrent and dark current were made using n-type and p-type Si electrodes with thin Pd overlayers to fmd the rate-determining step in photocatalytic H, production. For Si/SiO,/Pd electrodes the onset potential for photocurrent before and after exposure to H, showed that at low light intensity the results support the metal/semiconductor interface model. However at high light intensity (34 mW/cmz) the p-type electrodes agree with the metal/solution interface model. The dependence of the photocurrent change on light intensity suggests that the magnitude of the surface recombination rate constant is important in locating the rate-determining step in the photoelectrochemical system.
A Comparative
Rate-Determining Step in Photocatalytic
Photoinduced Charge Separation across the Solid-Liquid Interface of Porous SolGel Glasses: Catalyzed Hydrogen Generation from Water
Phys. Chem., 1989, 93, (221, 7544-7547 Photoinduced electron transfer between IIr(bpy),(C3,N')bpy13+ (I$") trapped in a porous SiO, glass generated by the sol-gel process, and 1,4-dimethoxybenzene (DMB) dissolved in a water phase in the pores of the glass, has been observed. For this heterogeneous (two-component) donoracceptor system a retardation of 4 orders of magnitude of the back-electron-transfer process, with respect to homogeneous solutions, was observed at neutral pH. At acidic pH, retardation of the backreaction along with a surface catalytic effect led to H, evolution from water. The effective retardation is attributed to the combined effects of trapping of one reactant (12') and adsorption of the second (DMB+), leading to long-lived separation of the two species. were found to be first order under all conditions. The decay rates of the x = I and x = 2 partially deuterated complexes were approximately evenly spaced between the x=o and x = 3 values. Luminescence profdes were almost identical for the series, but with the low temperature x=o luminescence shifted -40 cm-' to a higher energy relative to the x= 1,2,3 spectra. Analysis of the temperature dependence of the lifetimes in poly(viny1 alcohol) indicates an 8.2k0.2 cm-' lowest energy gap for all 4 complexes. An in-line monitor to determine electrical conductivity of aqueous solutions at elevated temperatures up to 3moC has been developed. The main feature of the monitor is that by analysing the frequency dependence between three Pt electrodes, the water resistivity can be estimated separately from the impedance due to the surface reactions. The effects of aqueous impurities, H, SO,, NaOH, and Na, SO, on the electrical conductivity have been determined up to 3m°C using this monitor. The measurement of the electrical conductivity of high temperature water is useful for both the precise determination of water qualities and determination of the effects of impurities on corrosion behaviour. The sensitivity of Sr,,, La,,, SnO, semiconducting humidity sensors was found to increase with a rise in firing temperature when Pt electrodes were used; this sensitivity enhancement was not observed for sensors with RuO, electrodes. The results of this study indicate that the sensitivity of the semiconducting humidity sensor m a y be modified by selecting the deposition conditions of Pt particles. A sensitisation model based on the variations in the amount of oxygen adsorbed on the Pt particles, which were deposited on the surface of grain boundaries in the interior part of the Sr0,,La,,,SnO, by thermal diffusion, with the electrode f h g temperature is given. SnO, --x fdms are oxidised passivatingly after decomposition from H,PtC1,.6Hz0 so that the bulk of them remain unoxidised. The samples were studied by Auger electron spectroscopy and X-ray diffractometry and the results thus obtained showed that the Pt-SnO, -x thin films have relatively high sensitivity to CO gas and sufficient stability at 15oOC. This technology for Pt-SnO, -x fabrication could be applied therefore to the development of a CO-detecting microsensor system. 
ELECTRODEPOSITION AND SURFACE COATINGS
The Sensing Mechanism in
Ultrathin (1 nm) Vertically Shadowed
335-354
A high-resolution vertical Pt-C replica technique for transmission electron microscopy, which can image in the context of solutions, gels, or solids, single molecular chains 3-7 hi wide, their associations, and their conformation, is reported. Previously, the granularity of the metal film replicas limited their resolution to 2 20 hi. This paper demonstrates that Pt-C fdm granularity and resolution are a function of method of replication and other controllable factors. Comparing low-angle 20° rotary, 45O unidirectional, and vertical 9.7k1 hi Pt-C fdms deposited on mica, the vertical replication had a 5 hi granularity, the highest resolution, and evenly coated the whole surface. Various examples using the technique are given.
A DNA Probe of Ruthenium Bipyridine Complex Using Photocatalytic Activity
Chem. Lett. 3pn., 1989, (IO), 1889-1892 A method for labelling DNA and for detection of the complementary sequence using the photocatalytic activity of tris-(2,z'-bipyridine)Ru(II) is presented. The cis-Ru(bipy) , c1 , can co-ordinate to a single-stranded DNA under reflux with DNA in water-EtOH solution, and Ru is recoverable as Ru(bipy)l+ when the Ru-DNA was refluxed with an excess of 2,2'-bpy. Plasmid DNA of -0 . 6 pg can be detected. 
Sci., 1989, 40, (W, 53-58; 59-63
The experimental results of the study of binary systems (CO/O, or CONO) on polycrystalline ribbons of Pt, Pd, and Rh have been used to partially interpret the intrinsic selectivities measured in the study of catalytic reduction of NO by CO in the presence of 0,, over the same catalysts. Intrinsic selectivities were measured in an open gradientless system at a stationary state in large domains of temperature (250<u<60o0C) and reactant partial pressures (IO-'< pi<5 x IO-' mbar). A poly(N-vinyl-2-pyrrolidone) (PVP)-protective metallic Pt or Rh colloid interacts at room temperature with a suspension of silica gel, bearing mercapto ligands, in a I:I methanol-water system to give a well dispersed heterogeneous metallic catalyst which shows excellent activity for the hydrogenation of alkenes. The catalysts were 100-300 times more active than commercial Rh/C and Pt/C catalysts. Studies of the activity and selectivity of Pd, Co, Ni and Fe catalysts deposited on C fibres were carried out during hydrocarbon synthesis from CO and H, .
Activity and Surface Composition of
Hydrogenation of Butadiene in Liquid
The results showed that reaction temperature and concentration of active metal greatly affect the activity of the catalysts. Selectivity of the metal/(= fibre catalysts depends on the nature of the metal, the method of deposition the C fibre and on H,:CO ratio. The effect of the pre-evacuation temperature on the activity of LiPdY, NaPdY and KPdY for ethylene dmerisation was studied. The results show that along with the increase of evacuation temperatures, the activity of these catalysts increases fmt and then decreases, and passes a maximum. It is suggested that the effect of alkali metal cations on Pdz+ ions is to regulate the location of Pdz+ in zeolite cages and the reducibility of Pd'+ ions. The reducibility of Pdz+ increases in the order of LiPdY<NaPdY<KPdY. An induction period of ethylene dimerisation appears on LiPdY and NaPdY, but not on KPdY and CaPdY. Aggregation of SiO, bound molecular Rh complexes and their activity for the formation of isocyanate species during reaction with NO and CO is reported.
Cycloaddition of Carbon
From studies it is concluded that isocyanate formation depends strongly on the form of Rh. A p o x 0 Rh carbonyl did not give bis(nitrosy1) Rh complexes but a nitritehitrate complex on NO treatment. Extended Hackel calculations of the elementary step of carbonyl insertion in the process of CO hydrogenation over a V-promoted Rh catalyst in the synthesis of oxygenates is reported. The results of these calculations show that the barrier for CH , migration to Rh-CO to form Rh-COCH, species is decreased in the case of the V-promoted catalyst. A discussion attempts to explain the role of the promoters. . surf. sci., 1989, 40, (3), 239-247 The effect of promoters MgO, GO, and VO, on the surface characteristics of C-supported Ru or Co catalysts has been studied by H , and CO chemisorption, X-ray diffraction and X-ray photoelectron spectroscopy. Both metals and oxide promoters were found to be well dispersed within the porous structure of C, although they are not uniformly distributed across the catalysts pellets. The effect of the different precursors on the location and dispersion of the active phases in the C porous structure was also studied. Catal. Lett., 1989, 40, (z), 301-306 Alkali and alkaline earth neutralising cations in zeolites were found not to significantly influence H chemisorption of a series of Rum-zeolite catalysts. However, the turnover frequencies of Ru in the COiH, reaction were enhanced when the neutralising Na cations were replaced by alkaline earth cations. This effect is attributed to an increase in electron deficiency of the metal crystdites due to the higher acid strength of alkaline earth Y-zeolites. The adsorption sites and surface phases which are formed on Ru catalysts following pretreatment in H, -rich or H,S-rich sulphidisation mixtures have been studied by XPS and static SIMS. It was found that whie sulphidisation in as little as qppm H,S/H, at 673K can be used to produce the bulk sulphide, RuS,, the surface instability of S -4 -anion pairs, found in the pyrite-RuS, lattice, requires that >go% H,S/H, be used at 673K before these species are stabilised at the surface. Rev., 1990, 34, (2) 
Effect of Oxide Promoters
Effects of Presufidization
Platinum Metals
HOMOGENEOUS CATALYSIS Palladium(I1)-Mediated Carboxylation of Cyclohexane with CO via C-H Bond Activation
Chem., 1989, 13, ( I O~I ) , 649-650 The carboxylation of cyclohexane with I atmosphere of CO in the presence of Pd(0Ac) , and CF COOH at reflux temperature without irradiation gives benzoic acid and cyclohexanecarboxylic acid in the ratio -3: I by C-H aliphatic bond activation.
Hydrogenolysis of ar,&Epoxyketone and Ester to Aldol in Pd(0)IHCOOHIEt N and H2 PdIC Reduction Media
Chem. Lett. Jpn., 1989, (11), 1975-1978 Simple procedures for reducing epoxyketones and esters to the corresponding aldols by two different methods are presented. One is the reduction with triethylammonium formate in the presence of Pd catalysts, such as Pd acetate and dppe, and the other is a hydrogenation in a PdK-THF system.
Formylation of Aryl Chlorides Catalysed by a Palladium Complex
SOC., Chem. Commun., 1989, (23), 1816-1817
The complex (dippp) , Pd, where dippp is I ,3-bis(diisopropylphosphino)pmpane, is an efficient catalyst for the direct formylation of aryl chlorides to aldehydes with CO and NaHCO,, under mild pressures. In a typical example, chlorobenzene was completely converted to benzaldehyde (95% yield) and benzene (5% yield). and PPh , , during butane-I ,4-diol production showed that activity and selectivity of the reaction is analogous with PPh, but its stability was superior. Bicyclophosphite in the free state is subjected to hydrolysis, but its co-ordination with Rh atom suppresses the reaction thus allowing recycling of Rh complex catalytic system with bicyclophosphite during hydroformylation of allyl alcohol. The hydroformylation reaction occurs at CO+H, pressure of 0.6-1.0 MPa, at 60-7ooC and PRh ratio of 3-4 in toluene solution, after which aqueous extraction of products from the reaction media is carried out. the reaction is limited by decomposition of the reduced catalyst, but catalyst lifetime can be increased by increasing the concentration of (2). For pH 11.3-11.9 the oxidation or the reduction step in the catalytic cycle can be made rate determining by adjusting the relative concentrations of (I) and (2). The pH dependence of the oxidised catalyst reaction affects the rate constant of the reaction between pH 11.3 and 11.9. Metal/metal hydride (NaNaH) processes produce H, from water through the direct employment of high-temperature heat, and have considerably higher overall efficiencies compared with purely electrolytic processes. Following studies of an a-iron membrane for the H -permeable membrane cathode required by the process, a double-layer membrane of V and
Organo-Palladium
The pH
Reduction of C 0 2 by Molecular
Pd/Ag foil was tested in the laboratory plant. On the Na side the membrane consists of V foil which is corrosion resistant to the H, acceptor. This foil is coated with a layer of 0-Pd-Cu on the side facing the Na, which serves to catalyse the H, input. The V foil is protected from the electrolyte by a Pd/Ag foil coated with Pd black. Measurements of the permeation rates using the double-layer membrane were carried out at 288OC and H, admission pressures between 10 and 130 mbar, and show the suitability of the membrane. , 1989,43, (1-41, 68-73 Laser chemical vapour deposition has been used to produce Pt interconnection lines for microelectronic applications. The influence of the laser power as well as the vapour pressure of the precursor (Pt bishexafluoroacetylacetonate) upon the geometry, the morphology and the line resistivity, was studied. The vapour pressure seems to be the key parameter to produce excellent interconnection lines at relatively high writing speeds. All the lines were essentially 100% Pt and resistivities close to that of pure Pt were achieved depending on the morphology. Line widths < the laser spot diameter were obtained.
ELECTRICAL AND ELECTRONIC ENGINEERING
Comparison of Au/NilGe, AulPdlGe, and AulPtlGe Ohmic Contacts to n-type GaAs c. LIN and c. P. LEE, 3. Appl. Phys., 1990, 67, (I),
260-263
The electrical properties of Au/Ge-based ohmic contacts to n-type GaAs with an addition of Pt, Pd or Ni were studied by TEM and AES after thermal alloying. Au/Pt/Ge had the best surface morphology, while Au/Ni/Ge had the roughest one. The electrical characteristics of Au/Pt/Ge are also superior to those of Au/Pd/Ge (which had the highest contact resistance) and Au/Ni/Ge.
Effect of Conventional and Rapid Thermal Annealing on Platinum Silicide
Schottky Barrier Diodes C. A. DIMITRIADIS, Appl. Phys. Lett., 1990, 56, (2), 143-145 The effects of rapid thermal annealing (RTA) on the material properties and on the performance of Pt Schottky barriers on Si were studied and compared with the effects of corresponding furnace annealings. Best performance of PtSi/Si Schottky diodes prepared by RTA was achieved for annealing temperature 4w°C which is much lower than the corresponding temperature of furnace annealing of 55oOC. The results of the diode electrical properties III combination with the diffusion length measurements showed that RTA is superior as it is a nondestructive process without degradation of the diffusion length.
Improved Uniformity of PtSi Schottky Barrier Diodes Formed Using an Ion Mixing Scheme
APPl. phYs.9 1990, 67, (I), 524-527 Low dose ion implantation through the PtSi/Si interface prior to annealing has been used to prepare Schottky barrier diodes with a more planar PtSi/Si interface. The electrical characteristics of such devices are more uniform from device to device and more nearly approach theoretical performance than conventionally prepared devices. Films, 1989, 182, 229-236 Evaporated Pt, Ni, Ag, Al, and Cu films have been studied for use as substrate metals for hydrogenated amorphous (a-) Si p-i-n diodes. The forward current of a-Si:H p-i-n diodes on Pt or Ni film was 60-180 mA/cm' with a + I V bias applied, and the diode quality factor was about 1.6. Pt and Ni as the substrate metal did not degrade the a-Si:H p-i-n diode at a-Si:H deposition temperature T, <30o0C. The Ag produced a large scattered leakage current from the diode. Al and Cu were not suitable as substrate metals for a-Si:H deposition. These metals diffused throughout the a-Si:H films during the a-Si:H deposition. 
Oxygen Sensitivity
256-259
Electroless codeposition of Au-In-Pd and Pd-In alloys onto n-GaAs substrates in an acidic medium is shown to give a high quality ohmic contact having 4 = 6 x 10-ncm2 on annealing. The addition of Pd ions to In and Au-In acidic electroless deposition baths allows the deposition of these metals which does not otherwise occur. For the Pd-In alloys, a crystalline refractory In Pd compound was initially formed, whereas after a 2 min annealing treatment at 470°C traces of InAs and PdGa were found.
Epitaxially Grown Pd,InP on InP
389-395
In a Au/Pd/Zn/Pd contact metallisation to p-type InP, Pd was found to react with InP during deposition to form an amorphous phase with the approximate composition, Pd,InP. After annealing at 3w-350°C, Pd,InP crystallises and grows epitaxially on InP with the relationship: (10O)PdIInP 11 (IIO) I,P and [001lp~~1,pll [w111,,p 
